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Srillwater Sciences

2332 Duranr Avenue, Suiw 201 Begkeley, CA 54704 Phone (510) 848-80%8 Pax ($10) B48-8358

Dan Ray

CAIFED Bay-Dielta Program
1416 Ninth Soreet, Suie 630
Sacramento, CA 95814

May 10, 2002
Dear Mr. Ray,

Thess comments are offered by Stillwater Sciences, in collaboration with Bill Dietrich’s
geomorphology research group in the Department of Earth aad Planerary Seience ar U.C.
Berkeley, in respomse to the reviews of proposal #152: Physical modeling experiments w gujde
siver restoration projects. We are gratified by the enthusiastic reviews of the twe external
scientific reviewers, and the apprecistion expressed by the Technical Panel of the irnportance of
the proposed work for advapcing CALFED's ccosystem restorsfion priorities. Here we seck to
clarify some outstanding questions, raised primanly by the regional reviews, which generally fall
inro three categories, budget items, hinkages to specific CALFED supported restoration projects,
and issues regarding transferning the insights gained in the experiments o the field application by
practifionsrs apd managess in ongoing and future CALFED funded restorafion projects.

We are looking forward to your direction for revising the proposal for consideration as a directed
action i the enmmal workplan. If you have any quéestions, please contact mea ar (510) 848-8098.

Sincerely,

= -

Prank Ligon
[ead Scientst
Stillwarer Sciences
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Budget Issues

Schedule

We have darkened the shaded cells in Fignre 1 (the schedule) so that it can be clearly read. The
shaded cells jndicate when the task i8 active, and the task (and any deliverables) will be
cormpleted during the last shaded month unless otherwise noted.

General Budget Issues -

We have alse ineluded a new budget whle that consolidares project management from the
individus! rasks into a single project management task (Task 6). The budget has not changed with
this conselidation, We have also corrected the diserepancies berween the anmal budge: and the
tote]l tudget.

A laser scanner is not enrrenrly available through the University of California.
All canractor fees are included in the Services columm and not Indirect Costs.

{ost Sharing

The niversity of California will sharc costs with CALFED on this projeat by funding graduate
smidenrs who will be working on the project and by praviding facilines for the meetings and
experiments. We have included funding for two UC Berkeley graduate swdems foy three years in
our proposed budget. UC-Berkeley will fund two additional graduate students for three years o
wark on this project for a total cost of $288,360. The University will also provide the facilities
where the experiments will take place. The use of these faciliries including rent, urlities, security,
and janitorial seyvices will cost a total of $216,000 for the three years of the study. Fmally, UC
Berkeley will provide facilitics for 30 meetings (st a cost of $500 per meeting) with & wtal cost
of $15,000. UC Berkeley is contributing a total of $519,360 to this project.

Linkages to CALFED supported projects

Some review comoments suggested that the propoesed physical and rumerical modeling be linkad
to ongoing and proposed CALFED restoration ciforts. We provide here a descriprion of how
flume rials and numerical modeling will Yink with and contribute to CALFED-funded activitics.

Channel-Flondplain Reconstruction

Physical modeling can be used to help gnide the design of large-scale channel-floadplam
reconfigurations. CALFED has provided funding for several large-scale channel-floodplain
prajects m the past few ycars, including:

Lower Clear Creek Floodway Restoration Project, Phase 2 (FRP-98-F15)
Tuolumine River Sethack Levees apd Channel Restoration (ERP-828-F06)
Tuolummne River Mining Reach Restaration (ERP-97-M08)

Tuolimne River Channe] Restoration, Special Run Pool 9(ERP-97-MOR)

Merced River Salmon Habitar Enhancemnent, Rarzlaff Reach (FRP-99-B035)
Mereed River Salmon Habitat Fnhancement, Rohinson Ranch Site (ERP-01-N0O6)

- & = % 2 2

CALFED has also received proposals in vhe last couple of years for additional large-scale channel
end flondplain modificarion projects, including:

F-342
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» Lower Clear Crock Floodway Restoration Project Phase 3 & 4 (2001-C201)

*  Tunlupme River Mimag Reach Restoration Project No. 3: Wamer-Deardorff Segment (2001-
C208)
Tuolumne River Restoraton: Special Run Pool 10 (2001-B207)
Merced River Phase IV: Dredger Tailings Reach (2002-158) (recornmended for directed
fanding)

An important goal of these projects is to re-scale the channel and rz-grade the flondplairi o be in
balance with the regulated flow regime, which is rypically reduced from histarical conditinns.
CALFED acknowledges the uncertamnty inherent in “scaling dawn™ a river to be in balance with a
regulared flow regime, as described in the ERP 2001 Proposal Solicitation Package (PSF):

Whils we may be able to restore ecosystem function by restoring riverine
processes at a reduced scale, we cannot seale down a fiver indefinitely, as there
are basic thresholds below which a river will ccase w function . . We generally
do not know the scale and balance of inputs—flow, sediment, organic material—
and channc] modifications that will restare ecosystem fupetion. . . Restoring
geomnrphic processes so as to optimize ccosystem benefits will be 3 marter of
both analysis and expenmentation (CALFED 2001).

Fhysical modeling (flume experiments) can be used in conjunctiom with mmerical models to help
guide the design of channe] and floodplain reconstraction projects. Developing a design for a re-
scaled chamme] and floodplain invelves a complex balancing of channel and fioodplain geometry,
the size of grave] that copstirate the channel bed, and flow. Any change in ons of these varisbles
will affect the dimensions of the other two varisbles that will be required for restoring
genmorphic processes. Re-scaling a channel and re-grading a floodplain is relarively costly
(usually tens of millions of dollars) because of the physical manipulation of large volumes of
material, as well as the careful planning and development of engineering designs involved. If a
re-designed channel and floadplain do nov perform as expected, it is also relatively expensive 1o
ry and fix the project, because of the physical manipulation of large volumes of material
imvolved.

The flume trials that we are proposing to conduct will be used to refine and calibrave mmerical
randels thar will be generally uscful in assisting the design of futire CALFED or CALEFED.
funded projects thar mvelve re-scaling a channel or re-grading a floodplain in halapce with a
regulated flow regime. The numerical rondels will allow managers w conduct garming exercises
by exploring a wide ranpe of combinations of channel-floadplain gsometry, sediment particle size
distributions, and flow. Stillwarer Sciepces has a proposal for a channz!-floodplain
reconfiguration project on the Merced River (Mereed River Phase IV) ther has been
recammended for consideration for dircered funding. ¥t is our intention to use the Merced Phase
IV project as & case srudy for physical and numerical mpdeling if both projecis receive funding as
direcicd actions. We can also use some other eurrently or futuze CALFED-funded channel-
floodplain reconstruction project to scrve as a case study for conducting flume trials and applying
mumerical models.

Gravel Augmentation

CALFED bas identificd gravel angmentation as a restoration strategy for most Bay-Delra
tributanies regulated by dams. The proposed wide applicarion of this straregy acknowledges the
fundamenral disconnect that dams represent for rivers by wapping scdiment, thereby depriving
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doWnstream reaches of a fundawental building block of habitat. CALFED has already provided
funding for gravel augmenrarion projects, incmding:

*  Tuolumne River: Gravel at Basso Bridge (ERP-97-C11)
» Stapislaus River: Knights Ferry Gravel Replenishment (ERP-97-M21)

In addition o these projects, gravel augmentation is & stratzgy that is used in conjunction with the
channel-floodplain reconstruction projects that CALPED has fupded on Clear Creek, the
Tuohimne River, and the Merced River, as deseribed above

The only currenr guidelines widely available to assist in selecting the size distribution of gravel to
be mjected wnto a channe) have been developed by CDRG. The CDFG guidelines geperally define
the range of grave] sizes that are appropriate for salmopid spawning needs; thus, the guidelines
have a binlogical basis. Restorarjon managers have very little puidance in sclecting appropriate
grave] sizes hased upon geomnrphic characteristics. The injection of spawning sized gravel into a
cbannel may not provide a long-term habitat henefit if the size distribution and volume of the
added gravels do nof balance with the geomorphic characteristics of the channel. Gravel that is
o small {relauve to the transport capaciry of a stream reach) may be mobilized oo frequenily
aud trapsported voo far downstream to provide lasting habita1 henefits, necessisating additional
gravel sapplementanion 1o maintain habitat. Conversely, added grave] that 15 toe large may not

- mwobilize frequently enough, allowing fine: sediments to fil) the inrerstitial space, thereby reducing
the quality of the gravel and the hahitat.

The scale and breadih of CALFED's proposed gravel angmeniation in Bay-Delta tribmagies will
sigmsficantly increase the demand for gravel Increased demand will likely inerease the cost of
gravel, thereby inereasing restoration eosts. CALFED has already experienced this phenomena in
the Tuolunme River, where the cost of implementing channel-floodplain reconstruction projects
in the Miniog Reach and SRP 10 have increased as the per unit cost of gyavel has risen,
strmuated in large measure by the increased demand for geavel that CALFED cyeares through
restoration. it will be imporrant for CALFED w protect fis investroent in gravel augmentation by
ensuring thar the added gravel will provide lasting habitar benefits.

'The propased physical medeling will allow Stillwater Scicnces and UC Berkeley to refine and
calibrate numerical models such as the Enhanced Acronym Series Interface (EAST) mode] to
maks them mor: genarally applicable 1o Bay-Delia tributarics. Improving the capabilities of such
mimerical models will provide a quick, low-cost tool that can be used to help design famre gravel
augmeéntation projects. Such tools will assist restorarion managers in selecting the appropriste
size distribution for added gravel based upon the unigue geomorphic characteristics of a proposed
injection site. In this mamer, the added gravel will be more likely to be mobilized and transporred
10 & mmanner to optiumize the hahitar they provide. The mode] will zlsa be useful in identifying the
flow events we expect to transport gravel, which will help define the triggers for when monjroring
and additional augmentarion are required. The physical and mimeriral modeling will also assist
deejsion nakKing regarding the amount of gravel that peeds 1o be injected in a stream, as well as
the frequency of sedimenr augmentation. Following refinement and calibration, the numerical
models will be: available for application in any Bay-Delta tnbutary location whese gravel
injection is proposed. In addivion 1o assisting the selection of ap appropriate size distyibution for
added gravels, the EAS] mode] will also be available w help restoraton managers avaluare
different potential injection sites.
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The proposed modeling will likely be most appheable in Clear Creek, Tuchirme River,
Stamslans River, and Merced River, where pravel angmentation activities are likely to occur in
the near future.

Dam Removal

CALFED funded UC Davis and Stillwater Sciences 1o conduct a corobination of physical and
munexical modeling as part of the decommissioning of Saelizer Dam on Clear Creek. Stillwater
Sciences applied a pumerical mode] 1o predicr the ransport of scdiment aceurmlared behind the
dam. Repulatory agencies often raquire extensive mining of sediment acenymiated in reservorrs
prior wo dam removal. Such requircments arc grounded in a fear that flows will erode the
accummilated sediments in the res=rvoir and transport them downstream in a pulse, inundating
valughle downstream spawning riffles, possibly enronbing inctbating salmonid eggs. Also,
excavation of reservolr sedimes is often condnered becanse of a fear that sedirnent will pulse
downstream and exacerbate Jocal flooding by aggrading downstream channel reaches. Removal
of sedimenr accunmlated in o reservolr cun be expensive, and 1t can depnive downstream habitais
of & valuahle source of materisl. For example, approzimately 20,000 yds® of sediment were
excavated from the Sacltzer Dam reservaoir area, exposing sigmiicant arsas of bedrock. Much or
the exravared marerial was gravel that could have served as a valuable source of material if left in
the channel,

UC Dawis conducted fhume experiments 1o complemenr the mumerical modeling canducted by
Sullwater Sciences. UC Davis had 1o send a graduate smadent w the University of Minnesota for a
summer to copduet the flume experiments, since the Univ. of Mimnesota had the facilities and
equipmenr available ro conduct the flumy 1rials on short notice. The combined munerical and
physical modeling conducted as part of the Saslizer Damn deconwnissioning contributed to our
scientifie understanding of how sediment accurmilated behind a dam will be transported a8 dams
are removed.

Our proposal will npgrade UC Berkeley's flume facilities w2 allow such flume trials as those
conducted for the Saelzer Dam decommissioning to be copducted closer to home. Local flums
facilities will imnprove opportunities for invelvement by local seienrists. The clase proximity of
the fume facilities wili also enhance oppormunities for prescatations 1o stakeholders. The
proposed flamy: and pumerical modeling will greatly benefit CALFED in planning how to remove
thres dams as part of the Banle Creek restogation project. H funded, we intend to use the removal
of the Bamde Creek dams as a case smdy for condueting fluine wials and refining numerical
mpde]. .

General knowledge transfer and implementation issues

Scaling up from laboratory model to field

Concern was expressed by the Dela regional review and the Selection Pans] regarding scaling up
the experimental results to field appheaton. The quantitative relationships that allow
extrapolation of sypall-scalc laboratory (medel) results to iarge-seale field smvings (prototype) arc
very well established i the river hydraulics and fluvial gromorphological lierature. These
essentis] relationships take the form of non-dimensional ratios, as discussed in the proposal and
swrnmarized in Table 1. In addition te the four basic flmd mechanical and sedimentological
scaling parameters, We propose [o use two additional non-dimensional pararoeters that arc based
on the fundamenral principle of conservation of sediment miass. The high confidence in the
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feasibility of this proposal expressed by the exrernal seienrifie reviswars and the Technical Panel
reflects an implicit recognition of the validity of this scaling approach.

The meost difficulr aspeet of using laboratory medels w simulate ficld conditions is not
maintaining similarity of the physical processes from stnall 10 large scale, but rather involves the
experimental design. Natural rivers are complex systems of interdependent variables thar can
only b represented in physical models by simplified systers, in which the key vanables of
mrerest (e.g. gram fize distribution, discharge) are manipulated systematiczlly and independemtly,
while the effeets of other variables (e.g. large woody debris. bank irregulaniries) are exchaded
We propase to focus on those key variables thar can be mampulated in both the Jabaratory and
field restoravon settings. By varying these variables independently, and through & wide range of
values, we cxpact to obiain pew understanding thet will have general applicability in a variery of
feld setungs. Restorarion sites where other variables mater strangly, such as where frequent
wood jambs influence bed textare, will require mnregrating the insights derived from our wood-
free laboratory channels with knowledge of the effects of flow obstructions derived from other
smdies.

Excellent toxts discussing the use of non-dimensional scaling paravwrelers in relanng flume smdies
to field applications mede Yalin (1971), Sharp (1981) and Baker er al. (1991). A representative
sample of the many papers reporting successful use of scaling relations te apply fume results w
nvers includes Williams (1970), Southard and Bogachwal ( 1978), Karez and Kersey (1980),
Kochel and Ritrer (1987), Lisle et al. (1997), and Seal ot al. (1998). Properly scaled flume
expefimnentation 1o guide river restaration is a largely untapped scientific resource (an oversight
we inrend to at lesst begin 1o correct), however, two good examples arc restoration projects an
the Kissioywnee River in Plorida (Shem et a]. 1994) and Trinity River 1n Northern California
{(Wilcock, 1998).

Numerical models

Some questions were rajsed by both the Delta regional review and the technical panel regarding
the ment snd user-fricndliness of the mumerical models vo be developed in the course of the
project  As far as metit is coneerned, the flams experiments are eXpressly designed to provide a
comprehensive empirical basis for, and systemnatic test of, the applicability of mumerical models
currendy in use or planned for uss in Calfed supported restoration projects, for each of the three
restoration strategies. The EAST bedload sedimgnt wansport model and DREAM dam removal
mode] are borh based on the well-established and widely-used nmltple grain-size fransport mode]
of Parker (1990). The gravel augmentarion and dam remova] experitoental results will be nsed to
test and refine the use of these mpdels in the specific context of habitar restoration on tributaries
and mainsterns of the Sacramento and San Joaquin Ravers. Sinlady, the experimenral results
from the channel and floodplain redesign sxperimeanrs will be used to extend the leading model
for predicring meander migration, that of Johannesson and Parker (1989), which Larsen (1995)
has adapred for use on the Sacramento, to specifically address the effect of altered sediment
supply and discharge remroc on equilibrivm channe] width and lateral migration rate. The
proposed flume experinents will provide the strong empirical foundation necessary for the
reliable use of these models in designing and managing castly and scologically important Calfed-
supperted restoretion projecis.

With regard to ease of use, cach of the numerical models will be in the Microsoft Excel formar,
urilizing a user-friendly interface fearuring button commands and a wansparenr desision tree. The
usex interface is built with the standard Excel visual basic maero script, which provides a shell
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Insulating the user from the underlying code thar implements the sediment transport and meander
mugration caleulanons. The user provides the inpur data in a familiar Exce] spreadsheet
epvironment and reccives output in the form of Excel graphs and tables. The Excel-based format
allows for nearly universal compaubility with the personal computers of festorafion prachtionsrs
and mapagers. Accompanying cach mpdel will be a pdf-formaned mamal describing the
interface and use of the model; instructions for applying the mnde] in the field contest will be
provided in the restoration puidelines mamals disenssed in the dissenination of results section
helow.

Dissemination of results

Several reviewers requested additional information on how the new knowledge derived from the
experimental results would be made available to restoration practtieners and managers. We plan
five primary modes of dissenunation of the results: 1) wechmeal repornts provided to Calfed and
other agencies, and papers submuted to peer-reviewed teehnical journals, thar provide deafled
inforrpation regarding experimental design, methods, nestths (including all data) and seientific
inrerpretation, and that would allow engineers, geomwrphologists and others with the appropriate
technical trapming o fully understand the research program and independently imterpret the
results; 2) a set of pracical gnidelines, one for each of the three restoration strategies (pravel
augmentaton, daga removal, und channel and floodplain redesign), in the form of mammals written
for restoration practitioners and managers, that provide methodalogies for evaluation of the
resioralion potential of a site, data collection needs and priositias, appropriate Nse of numerical
models, oprimization (in terms of both implememation cost and restoration benefir) of restoration
epportunities regarding medifying channel morphology, sediment supply and flow regime, and
adaptive managemenr weehniques for monitoring and refinement of project inoplernentation; 3)
annnal workshaps (three total), primarily intended for Testoraiion pracrnoners and TENAgeTs
working en Calfed supported projects and held ar the Richmond Field Station hydraulics
laboratory, which will combane technical presenrations covering the experimental design,
methods and results to-date with opex discussion by participants of their field experiences and
wniplementstion concerns; 4) an eXtensive web site providing a clearinghousc of information on
each of the three restoration straregies, including derailed and frequenrly updated documentation
of the ongoing experiments, a5 well as links to other relevant sites and downloadable documents,
with the goal of crearing the web’s best resoures on these restaration strateoies; and §5) we will
produce a video that documents and sammarizes the experimental results apd synthesizes the
guidelinges for restoration design, aimed at an andiense of restoration practitioners and TOROBELTS,

Peer review and outreach

The rechnical panel and the San Joaquin regional review both snggestad that we expand the scope
of peer review apd provide for input frem restoration practitioners. We agree that the project
would bepefir from mmlti-disciplinary review at imermediate stages, and will thersfore establish a
review panel composed of SiX to eight seientisis and yestoration practitioners and managers to
provide mput and oversight through quarterly meetings and perindie visits 1o the laboratory by
review panel members and visits to appropriate field sites by the staff and srudents conducting the
laboratory experiments. This additional review provided by the panel wenld angment the peer
review built into the seientific publication process and the oppertunity for interaction with
restoranion pracritioners provided by the annnal workshops.
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